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ABSTRACT 


With the proposed procurement of EA-62 aircraft, 
mmemues. Marine Corps planned the development cf 
TERPES (Tactical Electronic Reconnaissance Processing 
and Evaluation Segment) tc fpertcrm fost-#ission tape 
analysis. The development phase was initiated or a 
first geéneraticn tactical computer, cCFE-642B. The 
thrust of this paper was te identify state-of-the-art 
replacements tor the CP-642B, while identifying areas 
of ccrcéern within the develcpment cycle. Alternative 
Systems were discussed with the emphasis on systen 


flexitility and expandability. 
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ee eee ee 


Within the eiectronic warfare community the EA~-6Aa has 
been ccmacnily referred to as an active jamming platfcrz. [It 
was emplcyed as a stand-of& jamming fplatfcrm, wherery it 
meovided ECK protection for a strike force from a fosition 
cut of defensive weapons range, cr aS an integral fart of 
the strike force. Along with this main mission, it was 
designed to record eémmitter characteristics and location 
plotting information. In the formulative stages of this 
passive tcle, the AN/ISQ-90 Ground Data Readcut Syste was 
tasked with providing digital and analog data analysis of 
inflight reccrdings. Operational evaluation of the reccrded 
data previded by the EA-6A recording system has shewr that 
Mme data is cf poor guality and limited quantity. In its 
present configuration, the AN/TSQ-90 has been unarle tc 
effectively froduce meaningful and timely analysis cf the 
Mead as Erovided to it. Other liaitations cfr the AN/ISC-90 
were the lack cf an interactive graphic capability which was 
required for analyst interrace and for mission planning , 
and the use cf a limited local database ci eléectrcnic 


Pmrtcecs. 


With the planned acgquisiticn of the EA-6EF it was ceemed 
necessary tc expand the capabilities of the AN/TSQ-9C. The 
capabilities e€xpansicn program will be referred to as TERPES 
meactical Electronic Reconnaissance Frocessing and 
Evaluaticn Segment). Poke Roe Will be a systen that 
enccmpasses all facets of analysis of intercepted electrecnic 
€missions including required personnel, hardware, software, 
and analysis technigues. The operational goals of TERPES 


are: (1) preypest-mission briefirg and analysis; (2) flight 
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crew/fanalyst training; and (3) the forwarding of data as 
prescribed by the MAGIS (Marine Air Ground Intelligence 
System) concept. To operate effectively TERPES must have 
mmeuts £rcm airborne collectors in the form of analog and 
digital tafes. The digitai tape will be returned to the 
Meer sS analysis site, for further analysis of: aye the 
meer att flight path; (2) electronic parameter data; and (3) 
the directicrn cf arrival of radiating emitters. The analog 
tapes will augment the digital tapes by supplying additional 
parameter data and the conversaticns of crewmen durin¢e the 
various fhases of electronic countermeasures and electronic 


Support tissicns. 


As a stand-alcne system TERPES must have the capatility 
tC Maintain, update and guery the Flectronic Order of Eattle 
amd the Electronic Parameter List as provided in datakase 
form by the Naval Intelligence Processing System. It must 
@eeeo have the akility to enable the ccnstruction of data 
Files cf fast missions and jammer characteristics. 
Incerporated into TERPES must be the ability tc have a 
Man-machire interactive dialogue that will assist in the 
preparaticn cf intelligence reports and gission plarning. 
This interactive phase will allcw for timely and efficient 
Gata analysis and reporting which does not currently exist 


in the AN,/TS¢-90 systen. 


With the establishment of a development tasx force, it 
was ascertained that the present system hardware 
configuraticn should be preserved as much as possitle. The 
Byertrtiding factor to limit system modernizaticn was 
development deadline dates. By not attempting to update the 
AN/TSC-90 hardware the develcpers were able tec limit their 
technical preblems, both in the area of hardware interfacing 
and software structuring. Ancther advantage of this apgrcach 
Was to reduce the need for additional perscunel training, as 


the operaticnal user community was capable of handline the 
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Sreraticnal and maintenance aspects of fTERPES. These 
arguments were economically sound but the underlying fact of 
System flexirility will suffer Eecause of them. By chcosing 
net to mcdernize, the developers have accerfted a heavier 
Slewer machine that is not flexible encugh to handle the 
software omcdifications reguired to fully imolement the 
operational gcals of TERPES. The develcpment tean's goal 
was tc déevelcp a baseline TERPES on the eEresent hardware 
With the expressed idea of upgrading the processcr and 
certain asscciated hardware as the required units tecane 
available [1}. The main thrust of this thesis ‘as to 


E€Xamine the alternatives to system expansicn which are: 


1) Maintain the present system with a piannec 
expansicn of core semcry tc permit a higher 
cecree Of rmujtifrogramning. 


SercpraccmUuncecr=CCE WEtE the Ah7UYK-2C when it 
1s available for installation and apvplicaticn 
software development. 


3) Replace the CP-808 with a militarized processor 
eemparavle to tne AN/UYK-20. 


4) Heplace the CP-808 with a commercially 
available state-of-the-art machine. 
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A. HARCUDWARE 


M—crUnCTIONal entity TERPES has two aspects cf 
MeeeceSsSing, analog and digital. For this study the aspects 
of the digital prccessing nardware have been addressed. The 
tctal TEREFES hardware configuration is housed in three Navy 
Standard 20ft by 8ft by 8ft avionics vans enakling the 
system tc be transported by land or by air. Py eae aq onan: 
shelter 1s air-conditioned by two units capable of 72,000 
cIU's. Power requirements are supplied thrceugh a 4CO HZ 


ccnverter which has a 60 HZ source of power. 


The central processor, the CP-808, was a lightweight 
Memeron cf the CP-6425 digitai computer which has teen 
emplcyed in NIDS. The CP~808 consisted of two units, the 
power suryly cabinet and the logic unit. The logic cabinet 
Memtained fcur 1/70 chassis, five memory chassis, a ckassis 
fer centrcli and bcotstrap memory and three chassis for 
control and arithmetic logic. The power suprly provided the 
dc veltages reguired by the computer through a single pcwer 
cackle. 


Tke CE-8CE was classified as a large-scale, 


general-[urpeose ccmputer that utilized a stored picgran 


Meeaitecture. The CP-808 had the capability ci communicating 
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with its feripheral equipment via twelve I/0 channels. 
Channel transfer speeds were elther Tei, Ob 7 0a 


wordsysecychannel or 41,667 30-bit wordsysecychannel. 


The repertcire of computer instructions fperzitted 
Mathematical ocperations, peripheral device contrcl, and 
Meret data processing functions. Contrcl routines and 
prcegrams were entered via a punched tape reader or macnetic 
tape unit. Ccmmunication was performed in a fparallel mode 
BO-Eits ir iength. 


The CP-808 performed its internal oferaticns using 
Gme'’sS ccuioplement binary notation in a parallel mode. The 
word length was 30 bits with addressable half-words being 15 
Mee in length. [2] 


a. Fumectacecnal Characteristics 


(1) Control Secticn 

Moersesectron Was designed to direct the 
Crerations cf the cther sections cr the computer after 
receiving the pertinent instruction from memory. The ccntrol 
secticn was further responsible for decoding the instruction 
in crder to specify where the operand was ccming frog and 
the operaticrs that must be performed cn it. In conjunction 
With this last point the control section e¢stablished the 


tining sé€quences required to perform the ccrrect operaticns. 


(2) Arithmetic Section 
ThewedstLnmetiec Secticn incorporates the 
tinting ciretits, registers, and modifiers required Ee 
perforn Jegical or arithmetic functions as they were 


Meecitied by the instruction werd. The registers in this 
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section ccatain the data that was to be manipulated and they 
were further used as a temporary storage location icr the 
result. The registers were 30 bits in length and the 
Capability tc form a 60 bit double iength word existed 


between two cf the registers. 
(3) InputzOutput section 


Initiation cf I/O commands was perforaed by 
either the ccmputer or an associated IyO device. I/0 
transmission was dcne via four registers that act as 
temporary stcrage locations for all data passed between the 
ccmputer and the peripheral device with each reéecister 
handling fcur channels. All ccommunicaticn between the 
precessor ard the devices was asynchronous and any specific 
Gata trars@ission was done in 30-bit parallel nmecde. As 
configured, concurrent bi-directional data transmission 
ketween the CP-808 and its peripherals via twelve outptt and 
twelve input channels was possible. With a buffer of data 
prepared for transmission a set of ccntrol circuits governed 
the transfer cf data, freeing cther sections of the computer 


mer LUrtker processing. 


(4) Memory Section 


MAIN MEMORY -- Core memory consisted of 
32,608 adéressable locations that had a memory cycle time of 
4 microseconds. Ccre memory was primarily used for prcgrana 
and data storage, I/O interrupt registers, and interrupt 


stcrage registers. 


CONTROL MEMORY -- This segment ccntained 
128 addressartle lccations that had a cycle time of 490 
nancseccnds. This section contained the index registers and 


mG curfer centrol registers. 
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EOQOTSTRAP MEMORY -- The final u«emory 
secticn dealt with 64 words of read only mencry with a cycle 
tize of 667 nancseconds. This section was programmed during 
the manufacturing cycle and cannot be changed. These 
Programs were initiated from any point in a frogram and upon 
execution teéerbination, control was returned TO the 


pre-selected Ecotstrap progran. 


Ewha jOL Cperatlional Characteristics 


MePMPEO NGL 6 sess es<0ceccess.e 39 BITS 
Berienite TC 6556 ee es Pee Pabetlel One's Complenent 
MEMCRY AVAILABLE 
nce eee cele 32,706 WOLdS at 4 Microsecs 
emein Gili cis 6 + < « eee IcomMOLdsS at 400 Nancsecs. 
Piet Ube eiistsiste sists ae ss OF ROM Words at 66/7 Nancsecs. 
Perera aC EGHT .6...0c0246 2165.5 Pounds 
femenee SUP ELLY .. es cece ce sees 190 Pounds 
BOOrPuUITER LIMENSIONS 
MePMCieluene ects ss «eles cass. J 2 Inches 
RPE Ste staitsss ss ese s+ se 3S Inches 
eM ieceetetcic’scc ce wees. 37 Inches 
MRhEARANCE nEQULREMENTS 
CI eMEtietie ststetatet sr < sess es ¢ LNches 
MMM teeettteceateecies se ee 22 Inches 
Papen fettetete tos ster elolss s oie s 4 - Inches 
EHRGlG “Mteieieiscl sss teelee ce 'O inches 
PuotRUCTICN REPERTOIRE .... 64 Single address, Flexible 
Instructions with Prcvisicns 
for Address cr Operand Mod oy 
8 Index Registers. 
Pesey CUL TU Tests steaeleaes «ss (2 High Speed Parallel 


Channels 


0 o 
Seetating Lemperature ..... 0 to 50 C 
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0 
BiELCeCEpetdture Waining ... Alarm/Light at 46 C 


Oo 
Cvertenperature Shutdown .. Power Off at 60 C 


Maximum Relative Humidity . 95 Percent 


0 0 
mmerage Lemperature ......-. -62 to 75 C 


Perr RECULREMERTS 
Metremetnelitc yess. se.s cloO9 Watts cf 3-phase at 115 
Volts and 400 cps. 
BoGtuneehal neces ssces-.. 2000 Watts of 3-phase at 115 
Voresrand 400 cps. [| 2 | 


2. LDirect Access Storage Device 


— «eee ee Pa [= Sm SRS SS a male =z a SS 


In crder £0 PneEeaseme tne capability of the 
AN/TSQ-9CG, it was deemed necessary tC increase the 
availability of Etign speed memory. At this point it was 
ascertained that the Control Data Disk Storage Unit weuld 
sclve the problem as a high speed, randcem access, data 
stcrage device that could be interfaced te the present 
system. This particular disk was the ccmmercial eguivalent 
Memtne CLC $740 with a microprogrammable ccntroller. The 
Stcrage Unit was best descrited by the functions tkat it 
performed: (1) getting the disk up to operating speed; (2) 
positioning the heads at the required cylinder locaticn; and 
(3) extractirg the required data as deSignated by the 


m@encrclier. 


17 





Eee rSoKReGharacteristics 


PECORLING SURFACES ...... a9 
MRACKS/CYLINDER .........- 19 
READ/KBITE EEADS ......... 19 


Meee re necCess TINE <..... 35 HS 

(seek + rotaticnal delay) 
momeUk ACCESS TIME ...... COa ts 

(seek + rotaticnal delay) 
Meera NG TENSITY 2....... 1530 BPI (outer track} 

2220eSe ie (anner track) 


Pela TRANSFER RATE ..2ecee 312,500 characters/sec 
Beno CHARACTER ......26-0. . 8 
Meme, olORAGCE UNIT .«....... 475,000,000 
PHYSICAL SIZE/CABINET 
Height Pe sh eis. weae inches 
RING Merida seas 6.60 s\55 5 ols .6°e' 6 Se 27 Inches 
DitenGd Maier sis) ales «'« « eee s/s oneness 
CECH Mate i6. cls cs «<7 6 «ese 600 Pounds 


[irokesubritace Coating ..... Magnetic Oxide [3] 


peep Graphical Display 


With the thought of analyzing incoming data in an 
efficient and timely manner the AN/TSQ-90 was expanded to 
include an interactive graphics display. The qrarhics 
terminal that was decided upon was the Motcrola Tctalscope 
IfI. This particular model was a programmable stand-alcne 
version tnat has a self-contained 8K of 16-bit words of 
memory. The Tcotalscope utilized a bus-organized systen te 
link the varicus assemblies within the display. One assembly 
was designed to receive data codes, interpret thea and 
prcvide the control functions that routed the commands to 


the proper display assembly. The stand-alcne capability was 
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memerciicd Ey an internal arithmetic register cecntreller 
which cortainéd cperator Interactive EUNeCeEL ONS, test 
routines, and I/O ccentroller functions. When coupled with a 
peripheral keyboard, symbol generator, vector generator, 
it pen and joystick, the graphical capakility needed to 
Update tke system tc the reguirements c£ TERPES were 


present. 


aes Eerfcrmance Characteristics 


Using reliability predicticn measures cerforned 
in accordance with MIL-HDBK-217A the grapnical display will 
have a Bean-~time-between-failure cf 2500 hours. The 
Totalscorpe was a fully militarized piece of electronic 


eguipmert. 


Perm CLCN sco cence sees esse 1024 Elements in both X and Y 
meen taCN ACCURACY .....-..- #2 Resolution Elements 
Within the tzZ- by 10- inch 
viewing area. 
meme nm CENERATICN ......... Fixed rate or .2 in/usec. 
MrepAGIER HEPERLTOLRE ...... 128 ASCII Characters 
PRET MUNPsrat seis sess sss es oe ss «6130 Pounds 
DEMENSICNSE 
POUR es isiGie cisisies sec ces «4219 Laches 
Hem Gauiscetsies «4s access « 20 Inches 
MENGSE ME Eeicrsis tac cies ss 17 Lnches [4 ] 


i Erinters 


2 ae ee Se 


Tke line printer utilized by TERPES operates with 
Single or multi-~copy continuous fanfolded parer at a Faxinun 


dine crate cf 600/minute. It had the capability Ou 
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outputting any of 64 characters within the field width of 
Meceecharacter fositions. [1] 


In ccnjunction with the aforementioned line printer, 
Meares utilized an I/O Keyboard Printer Mcdel 1533. This 
particular device enabled the operator to communicate with 
the CP-808. As an input device, the ofperatcr was capatle of 
entering new programs, altering existing prcgrams, changing 
Gnput parameters and initiating prcegram executicn and 
ter@finaticn. AS an output device it was used to disovlay 
Smeet COnditicns, erogram listings and reguesting required 
Gata frem tke operator. An operator was able to transmit to 
the computer any of 64 different characters at a rate up to 
about 100 werds per minute. AS an output mediug, the 
printer was capable of outputting the same 64 characters as 
available fcr input and operate at about the same 100 werds 


per minute rate. 


This device waS a commercial unit that haa been 
enclosed ina specially designed protective cabinet and 


Mcunted cn ctp-style resilient mounts. [5} 


9. Tare Units 


The system contained a set of four tape units that 
were fully gwilitarized and carry the Univac number 124043. 
The tape drives were capable of reducing tapes that hada 
density cf 556 BPI. This rate was adequate for use with the 
moA Lut it 1s not totally compatible with the EA-6E. The 
Onkoard reccrder on the EA-6B had the capability of 
MeeGerding at 200, 555, or 800 BPI. {1] It was determined 
that a tape unit Le procured to handle the three BFI fates 
available cn the EA-6B, in order to provide maxinus taping 
moexXibility. 
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Peer lagital Plctter 


Pr enece GC lGtiutngGuwithin TERPES was performed Ly a 
Calcomp Model 563 Digital Incremental Plotter. The Flctter 
Adapter provided the interface between the cCP-808 anc the 
plctter. Tke adafter was responsible fcr generating time 
Signals and control commands to insure asynchronous 
ccuimunication with the plotter. The adapter provided this 
asynchroncus cperation by decoding data werds frou the 
CP-808 and eroducing control signals required to preperly 


Meertorm tre applicable plotting functicn. 


The Mcdel 563 was a commercial drum-type pictter 
that was capakle cf plotting one variable asgainst ancther. 
Plet preducticn occurred with the movement cf a pen over the 
mimes Dafer. The X, Y and Z axis c£ the plotter were 
igplemented through a series or digital signals that 
directed drug, Carriage and pen movements. The 
bi-directional rotary step motors on the X and Y axis caused 
the drum cr fen carriage to move in increments of .01 inch, 
au 5 Bene i cr .1 mm per step depending on kardware 
ccnfiguraticn. The rotary step motors operated at a maxinun 


rate of 300 steps/sec. 
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Geamcechat ing Characteristics 


SPEED @#e@ eseeee#s#8ee28se08#e08@08e8e8e8ee8ee8es # @ @ 


RESOLUTICN 


WEIGHT ... 

DIMENSICN 
ath « 
BoEth . 
Height 

PAPER SIZE 


ae 


Drum AXis: waximum 3C0Q steps/ 
Sceuronm.00s-1n and | 1—-i0 
steps. 

Maximum 200 steps/sec fcr 
.Oi-in steps. 

Carriage Axis: Same as abcve. 
Pen: maximum 5 up and 5 down 
per second. 

+ 1 step on either axis cver 
Piewemtame Frohln length. 

53 pounds 


39 inches 
14 inches 
9 inches 
FOMmMCHalre. paper— 120 Leet 


long and 39 inches wide. [6] 





meee COPFTW2ARE 


The scftware tc support TERPES was in the final stages 
cf develcpment at the Naval Missile Center, Pt. Mugu. The 
first phase cf scftware design was tc interface twe new 
Peeces CL equipment into the AN/TSQ-90, a disk drive unit 
and a graphics terminal. These two devices were méant to 
expand the frocessing power of the AN/TSQ-90 to meet TERPES 
Sspecificaticns while establishing a new dimensicn, an 


intervenirg analyst, in the data reduction cycle. 


With the interface complete, it was necessary ue 
establish the software structure reguired to fully utilize 
the resources c£ the expanded hardware suit. Modularity 
Within the scftware structure was necessary to prcevide an 
analyst with the tools necessary tc process the tapes from 
both the FA-€A and EA-6B. When dealing with EFA-6aA tapes, the 
analyst mtst bre able to reccnstruct the actual flight path 
cr the uissicn in order to override any false navigational 
eguipmert inputs that may render the data useless. Due to 
the guantity ccllected by the EA-6A, the analyst was quite 
capable cf ccrrecting any false recordings and elimirating 
that which is invalid. The requirement for analyst interface 
Mamgata Leduction fas in itself justificaticn for additicnal 


effort expended in scftware and hardware development. 


Data reduction with the EA-62 presented still ancther 
Prckblem, aS it was Capable of ccllecting a volume cf data 
that was rearly impossible to reduce via the analyst. [In 
order tc speed the processing of this data, software 
routines were written that filtereaq out redundant and 
erroneous data that clutter the tape. Previsions were also 


included te previde for selected processing, whereby the 
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analyst selected those emitters he wished tc process first. 


Withir TERPES Software there exists an executive amacdule 
Mime Was tte contrclling force of processing within the 
guidelines cf TERPES. It was further subsetted to ccntain 
the cperating system, peripheral handlers, core manacement 
reutines, mathematical packages and a set cf provisions that 
allow a ceéegree of degraded mcde operations. The implegented 
crerating system was tailored after the CMS-2Q monitcr in 
Meger tc Optimize the functions and procedures of TEREFES. 
Whenever fossible the OS was written in CMS-2Q with required 
assembly language routines written in SYCCL. This rcve to 
CMS-2 was aired at conforming to the Navy's concept of a 
standardized tactical computer language. It alsc enabled 
the develcpers to utilize the software debugging tcols 
presently available Hie Gyo-2. the OS was a set of 
Sukroutines that taintained systen status, file status, 
utility pregrams and provided the timing seguences required 


te supervise the oferations of the systen. 


The Intercept Module was expanded to allew the system to 
translate tke data received from the aircraft irtce a 
Beducible fcrmat while filtering out that data which is 
unreliable. The filtering task was dene by checking 
mieeming tapes Lor recerder errors, building format files of 
gntercepted signals, correcting for spuricus navigaticnal 
inputs, reducing the data size by eliminating redundant 
data, and providing edit routines that permit analyst 
interventicn when required. Also residing in this rcdule 
were the analcg merge routines and the location algorithn. 
The merce routine permitted the input cf data frcm the 
analeg tapes that will assist in emitter locaticn and 
reccgniticr. The location algorithm was utilized in the 


lecation cf exitter sites. 


The final module was the File Management Module. This 
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particular séeaqment contained the interactive software that 
linked the CE-808 and the Motorola Totalscope. The interface 
and system utilities were written in CMS-2Q while internal 
programming cf the Totalscope was done in ARC-16 assembly 
language. The File Management Module was designed tc allow 
the use cf ar extersive database of emitter information. The 
NIES III datarase cf emitter parameters was the tasis cf 
mers infcrmaticn. The ability to sort and edit returned data 


eivec resided in this module. 


As designed, the operating system and its trarsient 
service rcutines were placed in the first 10,240 core semory 
Mecations. Tre remaining core locations were available for 
the loading cf software packages that ferform mission 
precessing, mission briefing and any other provided systen 
ettaty. [1: 
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Miter wnnt Zhe COMMERCIALIZED SYSTEMS 


—_— EE ae eee ee ed a eS ee ee —_— Se ee ae SS oe 


Pee URPCSE 


Pmeerpurresce cL this section is tc ccmpare ky coast, 


Bemiability, and general practical consideraticns the 
differences Lteéetween a "militarized" mini-computer which 
meets eet dls specifications, and a ccmmeéercial 


Rini-computer which does not meet military specifications. 
Mmemecracrity, "militarized" means coftcrming to military 
S@eciticaticrs and "“commercial" means not conforming to 


Hilitary specifications. 


Bee OELECTICN 


The wini-ccmputer systems selected fcr compariscn were 
selected cn their ability to meet the reéguirements of 
mereES. Trree different cOmputer manufacturers were 
lnvclved: Lata General Corporation Manufacturing 
Uini-computers to meet the needs of commercial user; ROLM 
Mem@eporaticn ranufacturing “militarized" mini-ccmputers using 
the same circuit design and software as the Data General 
Ccreoraticn fini-computers but with hardware designed and 
Manufactured in accordance With applicable military 
Specificaticrs (MIL-E-164000G and MIL-EF-54000) for use 
akcard ships and in aircraft; and Sperry OUnivac Corporation 
ike ROLM, tenvutacturing “militarized" mini-computers. The 


fcllowin¢g specific systems will be compared: 
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DATA GENERAL 
oop Eid 30 
eG et 21 0 


* MCDEL 1602 AN/UYK-19 (V) 
* MODEL 1664 AN/UYK-28 (¥) 


SPERRY UNIVAC 
* AN/UYK-20 (V) 


ee PACK GCECUNE 


Standard military specifications have reen develcfed to 
meet reculrements in PEOLectlng electrical military 
equipment. Cne such specification, HIL—-E-16400G (NAVY), 
states: 


"This specification covers the general requirements 
memeicarle tc the design and censtruction cf electrenic 
meee tcre CClGUnICation and navigation equifment intended 
for naval Ship or Shore . applications. Pole ns 
Specificaticn defines the environmental Condrt2eons 
Within which eguipment must operate satisfactorily and 
Memaacly; the prccess for selection and applicaticn of 
general wgaterial and. parts; and the s&eéeans by whica 
ae eet as a whole will be tested to determine whether 
i ieeacGertaple £0 the navy ... .unless otherwise 
specifically stated in the ence eel: eaue Nee 
Mee Seta. the reguirements of this specificaticn 
(HIL-E-164CCG ee Tider weanG: wsdl. “Specifications 
@rcead berein shal appiy When Ehis Specification is 
invoked". {14] 


Sees rotrt LESCRIPTIONS 


The system deésciption and price information for kKOCLM's 
16C2 and 16€4 and Cata Generai'ts 1210 and 830 computers was 
oktained trcm. technical descriptions and rice lists 


furnished by the manufacturer. The Sperry Univac systen 
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Meecripticn ccncerning the AN/UYK-20(V) was also cktained 
frcm technical descriptions furnished by the manufacturer 
Dut Pricing information was obtained from NAVELEX Washington 
tee C. (AN/UYK-Z0(V) F/Y 76 Budgetary Estimates). Using 
this technical and price information a basic systean 
corfiguraticr was compared to determine differences in eéach 


systen. 


The ktasic ccmputer system for comparison rpuLlrposes 
@emiedsted CL 32K Ccre memory, a central precessor, a centrol 
mBeamel, a OWE mcnitcr, and an automatic restart capability. 
A floating foint processor was considered a major factor. 
Mmemoniy ccmruter not offering a floating feint frocessor 
was Data General's Model 1210. Each system is described 


Peaetly telcu. 


e 
ar 


a. Medel 1602 


Tke Mcdel 1602 was a 16 bit general purfegcse 
Mtiritarized” computer with an optional floating fecint 
prccessor, ccrductive cooling to the case, memory increments 
in 8K increments, and two versions of contrcl panels, one 
Physically krclted to the main frame and the cther ccnrected 
Pyecable. f[ 16] 


rE. &kcdel 1664 


Ike Model 1664 is also a "militarized" cogrputer 
but with greater capability than the Model 1602 due to bit 
addressing rect limited to conventional word bcuncries, 


Variacle acdressing modes, conductive cccling to the case 
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Bet a Chassis mounted heat exchanger, standard ficating 
mem: precessor, direct memory accesS fEpiccessor, three 
degrees cf frecisicn, and memory increments in 16K bytes 


Meerements. [9,15 } 


ya Cata General 


a as = ae See 


ace meedel €30 


Ppemmecdeles308 Was a nOn-Bilitarizged cotuputer 
foe Mescry e€xpansicn up to 256K, 16 bit instructicns, high 
density ccre memory, an cptional floating fcint processor, 


and dual ofératicn through two central frocessor bcards. 


[z=] 


dad 


Eeercadet 1210 


Tre Model 1210 was a scaled down version cf the 
Merde. S30 with a slower memory cycle time, no floating feint 


Option anc slcwer arithmetic execution times. [22] 


a. AN/UYK-20(V) 


fre AN/OYK-20(V¥) was a “militarized" computer 
Mech 16 Eit irstructions, direct access to a waximun cf 65K 
words, mémcry increments in 8K increments, a maximum cf 65K 
Mmema> Of COLe Memcry, ah Optional floating foint capacity, 
self ccntained internal cooling systemo, and sucdular 


Serstructicr. f[ 10} 


igs, 





Sees latices | LOE an Overall ccmparative view of 


mere GCELuter system. [ 10,15,16,26] 


5 02 1664 830 1210 UYK-20 
Militarized. yes yes no no yes 
Memgcry 
Cycle Tize.. lusec lusec lusec 1.Zusec 750rnsec 
Memcry 
mirect 
Addressing. €4K 128K 64K B25 65K 
reexamum.... z56K 512K 256K 64K 65K 
Transfer 
Rate.... 1M words 1M words 833K oes ok 1M words 
/SEC (sec words/sec wecrds/sec /SEC 
Scftware 
mimeepObtL... FOLrtran Fortran Of tren es Ob eban CORTE an 
Algcl vec Op: Basic Basic Ut ta 16 
Pace Basic Ciseou 
Word Size... 16 bit 16 bit 16 bit 16 bit 16 bit 
Power Fault/ 
auTc— 
Me=stdrt.... yes ves yes = yes 
rer LG. «ce. een Come none ncene Denieem Oa 
cuctive ductive bklower 
Flcating 
Bier ts «2 yes yes yes ne yes 
Ownershifr 
Bests... . £62872. Desi oe ba 7. S40 605. 


TABLE 1 
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Cwnerantoecosts Included initial purchase price 
and maintenance costs which were discounted at 6% over a 


five year period. 


See Appendix C for detailed descriptions of éach 


Sempeucer systen. 
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ote Erice Data 


Using the price MIPOmiatyen ErCVided “by the 


[Mamucacturers and NAVELEX Washington D. C. comparative 


prices fcr 


Be 1OWs: 


the selected configurations were determired as 


Fella Ger rorat LOR 


(1) Medel 1602 
EroceSsor unit with 5 MHZ micreprecessor, 
four accumulators, direct memory access, 


multimcde priority interrupt system and 


@ power mcnitor with automatic restart se Dale oO 
RUGGedscentnol panel ie a Wee oO 
filcatind Point wae 3¢0 
external memory chassis (16K) oa SOO’ 
external memory ccntrol ee 10) 00 
external memory port pe 0.6 
memory chassis (24K) eu CU © 
nemory interface sere 100 
ccre memory(8K) at $6000 * 4 skate Ce 
total ss4d,6s6 

(17% 
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(2) Model 1664 

PRecessogelmnet Wicd SMAZ Microprocessor 
Voaeawremorecislton [loabing point processor, direct 
memory access, executive mode, 16 levels of 


emoscemmlan le Priority interrupt with power 


monitor and automatic restart eee 4950 
rugged control panel Bernt aie ola) 
core memory (16K) at $6250 * 2 ae 2 500 
Oy aie ear OS 

paa 


sperry Univac Corporation 


(1) AN/UYK-20(V) 


Basic machine with 8K core memory Jom 1000 
SK core memory modules at $1300 * 3 ae SOOO 
direct memory access, factory installed... 2850 
Meow cem il aecory amstal ied eee 


includes floating point 
T@taleeh eo .2 50 
plo 


BS 





Lata General Corporaticn 


(1) Medel 830 

CEMputer@with £Lour accumulators (hardware), 
IyC system with prcgrammed data transfer 

16 level programmed priority interrupt, 
direct memory access data channel, 
Ercgragmer's console with lcck, fower supply 
and slide mounts for a 19 inch rack, 32K 


tytes core memory and memory management 


JygecoromeceloOn Unit. weet OO 
fFower monitor and automatic restart share 400 
multiply/divide vee, POO 
Picttengepcine unit wee AACE 
EOtal 2 1e,050 

[ 18] 


(2) Model 12190 

CHoVcehEWwLen tour accumulators (hardware) ,[/0 
system with programmed data transfer, 16 
leveumerogramled  PELOLACY Interrvuet, direct 
Remory access data channel, Ercgrammers 
ccnsole with lock, power supply, table top 


Coemie eeoresliae TMeunts for 19 inch rack, 


and 32K Eytes core remory. see) 7 OOO 
Eower wonitor and automatic restart cers 400 
gultiplyydivide en Oe 
total $9000 
pe 


Appendix B gives a treakdcwn of fricing 


informaticn fcr each systen. 


34 





Meme RELIAEILITY 


Pemeecethic peint, this Ghapter has dealt strictly with 
System description and the associated costs. If ccst were 
the only criterion for selection, Data General wculd be 
chesen withcut question. But cost should not be the cnly 
Criterion; reliatility of ‘the system shculd be a major 
consideraticr in the decision. BY evaluating the 
reliability cf a ccmputer systez using Mean Time Feétween 
Failure (MTEF) and repairakility using Mean Time Tec fFefair 
(MITR), the ccst of ownership beyond the initial furchase 


price cac ke estimated. 


Because there was no data on MTBF and MITR for the ROLM 
Model 16€4, this ccmputer system was not ccnsidered in the 


reliability analysis. 


The data that was available was supplied Ey kOLM 
Corporaticn, Data General Corporation, and the General 
Peeeetrric CCfpany in an article titled "MAGIS LIFE CYCLE cost 
ANALYSIS for the Marine AiryGround Intelligence System". 


Cne way to estimate failure rate is thrceugh reliatility 
Smeerience,. As outlined in MIL-STD-756A and MIL Hardtook 
Zz17A/B, there are standard procedures for estimating failure 
Cates given ccmponent types and part nunters. FOr eee 
purposes cf this study, the computer systems involved were 
in actual operatior. However, the standards as stated in 
MIL-STD-756A and MIL Handbook 217A/B were followed where 


necessary. 


Failure rates are normally considered large initially 
during burn in cf ccmpcnents, then decreasing to remain 
relatively ccnstant for some time. This reflects equipment 


failure under the assumption that new equipment has frequent 
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repairs after which a stable period is established. TUhis 
stability pfeéericd is characterized by randcm failures. Wear 
out does nct cccur in electrical equipment as it dces in 
mechanical eéquipment. However, due to extensive bench 
testing and modular integrated construction, the failure 
cate of céew Equipment has been reduced (compared with 
systems that are not extensively rEench tested). 
Consequently, after the initial burn in, the failure rate of 
ccaputer eguipmert is constant with respect tc time. 
Therefore, tke numker of failures can be estimated by the 
Pcisson distribution and the time between failures Ly the 
Beepenential distrikution. The probability of zero failures 


in time t (reliability) is given by the equation: 


-lambda * t 


—_ <P > a oe of 


This evaluation will assume that once a failure has 
occurred, the repair will be made at the scdule level, not 
the compcnent level, and that time for a repairman tc arrive 
at the ccmputer site for repair work will be two hours. fhe 
Mean Time Tc Képaixr, once a repairman arrives, was assumed 
to be cnre-halt heur for all computer systers. This was the 
mean time required to find the failed module, remove it, and 
replace it with a new one. The reason all MTTR'¢ were 
assumed ¢gual was Eased on the modular construction used in 
Sueeethe ccmputer systems. The difficulty cf board removal 


was apprcxizately the same for all systems. 


EO tke purpose of this evaluaticn, the ccst of 
Cwoersnif over time t (5 years) was based cn furchase frice, 
inventory ccst cf spare kits, and repair cost. Inventory 


Best aNd repair cost were disccunted at a 6 percent rate for 


36 





meeevears tO tLreflect the time value of money. The disccunt 
meecOor was ./47. Based on the equal MTTR'*s fcr each 
cctputer system, oniy the MTBF was found to affect the final 


cost of crnership. 


MuvyentOry coOSt consisted ci the ccst of the mininun 
Sfares necessary tc repair a failure. A minimum spare kit 
consisted ci cne spare memory module, one processor mcdule, 


anc cne fcwer Supply module. [20] 


Repair ccsts were calculated by multiplying the mean 
Gumpert OL failures during time t (t/MTEF) by the MITE and 
then multiplying this result (or the average amount of tine 
Spent cn Lepair during time t) by the labor rate per hour. 


For clarification, the following symbols were defined: 


Sy 





i 
i 


Iy/M 


i 
mer s 
aon |S 


mek §$ 
ia 


os 
RCH 
ATR 
ERC 
TVC 


ee 


wi: 


Table 


eer 


me 1 
Ty i 
Th 
Sit 
kCH 
ATR 
fen C 
TVC 
OC 


Birxcluded ii0m the COSt Of Lepair were thcse 


Sontributed 


k 
ee F 


useful lifetime of the systen 


Mean time between fLazlure 


mean time to repair 


(5 years) 


(including time for repairman to arrive) 


nurkter c£ failures in time T 
(T/MTBEF) * MTT 


(average time Spent on repair during time T) 


Spare kit cost (based on minimum kit needed) 


repair cost per hour 


RCE * TR 
ATH + Si 


time value cost 


(everage cost of time 
(Inventory and repair 
(IRC with tine 


Spent cn repair) 
ccst over 5 years) 


value of money 


taken into consideration at 6 percent) 


Ouiiecowlrnecestui(lvyC + gnitial purchase price) 


2 contains specific calculations 


$36 
$290.52 
£1SC40.52 
$14223.27 
BO2ei3.27 
[17° 


egual 


330 

15 10 ones 
Zao 2S 
Seat DES 
Zone. hes 
$7000 

DD 
$823.45 
$7828.45 
$5847.85 
SZ i. 05 


[18] 


Poe ie -Z 


ccst to all the computer systeas. 


1tems consisted cf travel cost, 
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1210 
Gs sits 
2yoeenk S 
6235 hrs 
foec7enrs 
$2600 
oe 
$55.45 
$3155.45 
S29. 12 
Sel 3 otal 


[18] 


per dien 


cost, 


of each systen. 


O20 
2000 hrs 
OS 
Zio are 
3.0 12S 
$13600 
$35 
$1869.00 
$15469.00 
ell Sore OU 
$40805.0C 


C19] 


zttems that 
These 
and shop 





repair cost (cost cf repairing the faiied module, in the 
Mmmmiesacturer'’s shop). f 21,22,23,27, 28,32 ] 


Table z shows that the Data Generali 1210 cost less over 
mmyeacs based cn inventory cost, repair cost, anc the 
initial purchase price of the computer (purchase prices were 
taken frem secticn 4 "Militarized vs Ccmmercialized"). 
Referring tc Taktle 2, the high cost cf cwnership dces not 
reflect kigh MIBF as might be expected. The Sperry lUnivac 
AN/UYK-2C(¥) tad the second highest cwnership cost but the 
lowest MIEF. 


Figure 1is a plot of the relationship kLetween MTEF and 
the total ccst cf cwnership. While there is ne Girect 
relationship Letween HWTBF and total ccst of ownership, 
Figure 1 indicates, at the low foint of the "U" og the 
curve, that tke Data General Model 1210 would be the lcgical 
chcice with tke lowest cwnership cost and the second highest 
ei F , fhe difference between the Data General Model 1210 
and the KCLM Mcdel 1602, as reflected in Figure 1, wculd be 
@e doubling in the MPBFr but a five fold increase in ccst. 
Specifically, to get a 6482 hour increase in the MIBF, it 


memrd cost $£1516.C9 over a 5 year period. 


Figure z represents the relaticnshif that existed 
between the MTBF and the cost of repair over a £ year 
Memiod. Eéferring to Figure 2, as MTBF goes up the repair 
cost gces dcwn. For example, if the MTBF went up fren 4000 
to 8000 hcurs there would be a corresponding $450 savirgs on 


repair ccsts. 
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$60,000 
$51,516.09 
Ay Une 210 (v7 ) 
IP 
$30,000 
Model 830 
10,000 © a 


Model i210 


1000 {000 


MTBF (Hours) 


Figure 1 - MTBF vs TOTAL OWNERSHIP COST 
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The wide variaticn between the MTSF's (cne major failure 
every 550 days for the ROLM Model 1602 compared to cne major 
failure every 8&3 days ror the Sperry Univac AN/UYK-z0(¥), 
seems unrealistic since the difference is between two 
Bilitarized ccmputers. The MTBF of the Model 1602 was 
furnished Ey the ROLM Corporation seems toc high. The MTBF 
mom the Sperry Univac AN/UYK~-20 (V) dces not seem 
Gmredsonarle. This MTBF was not furnished Ly Sperry Univac 
e@iceoy a Eiiitary analysis group. {21] The following #TEYr's 
are the values necessary to make a systems spares ccst equal 
to the RCIM FMcdel 1602 Spares cost. 


BeomceGereral Model 1210 .....-. 320 hours 
Mata General Model 830 .....20e. 235 hours 
miperny Univac AN/UYK=-20(V) .... 700 hours 


Militarized and commercialized computer systems each 
have advantaces. If a commercialized computer is acceptable 
in the oferaticnal environment, then there are numerous 
systems available that are comparable in both cost and 
performance. With respect to TERPES reguirements, the JData 
General Model 83C had a capability advantage over the Data 
General Mcdel 1210, the advantage teing the availability of 
a floating peint cption. Otherwiae, the Data General Model 
ieioe WaS SUEELIOL in purchase price, cest of cwnershif, and 
spare kit ccst (see Table 2). The difference between the 
MIEF's of the Data General Model 830 and the Data General 
Model 1210 was cne failure every 108 days in favor cf the 
Data General Mcdel 1210. While this failure difference was 
Significant, the lack of overall capability of the Data 
General Mcdel 1210 compared to the Data General Mcdel 830 


shculd be a majcr consideration, regardless cf the MIBF's. 


42 





Althcugh there 1s no published MTBF for the ROLE Model 


1664, this should not eliminate it from the competition. 


mem ROLM Medel 166% contained a MTri-Frecessor System 
(hardware floating point processor, a microprogrammed 
general purftcse processor and a direct memory access 


processor) versus cne general purpose processor for the KOLM 
Model 16Cz, ccsts less than the ROLM Model 1602 to purchase, 
and is capakile cf expansion for future consideraticns. 
Regardless cf the MTBF, the spares kit for the ROLM Model 
16€4 would ccst $6500 more than the sfares kit for the ROLM 
Model 1602 or $24,750 in total. The ownership cost of the 
RCLM Model 1€€4 over a5 year period cculd never be equal te 
the RCLM Model 1602, regardless cf the MTBF, since the 
Initial spares kit cost of the ROLM Model 1664 was mcre than 
the ownershif cost of the ROLM Model 1602. Althougk the 
Sperry Univac ANyUYK-20(V) had the lowest published MTBF, 
tke figure seems ccnservative. The MTEF shculd not be the 
femere Ceascn for eliminating it frem the competiticn.The 
Sperry Univac AN/UYK-20(V)'s cost of ownershif was less than 
the ROL* Medel 1602 (due to spare kit ccst) and had a 
$1$,400 advantage cn purchase price over the ROLM Model 
eC 2 . 


waicmeiiecrtane factor, which would be difficuit to 
measure ain dcllar terms and not represented is the ccst to 
the missicn cf dcwn tine. This CcOSt, wnich ectid 
ccnceivartly invelve thousands of dollars, includes such 
items as down tiswe cf planes, travel and berthirg of 
Ferscnnel if the mission were cancelled. Because cf this 


factor, a high MTBF becomes a very critical consideration. 
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A. INSTECCTICN HATINGS 


One geasure cf performance that must be addressed in any 
prccessor replacement proposal is the guesticn of prcecéssing 
power. By performing such an analysis the steering ccmrittee 
must attempt to demonstrate in a quantitative manner that 
the processcrs under consideration are capable of hardling 


the processing lcad that exists on the colder machine. 


ies wdS deter@ined that the first ster in this tyre of 
analysis vas to describe an instruction mix that weuld 
reflect the ccnstruction Of programs within TERPES. Although 
the software was being dévelcped, it was possible to 


estimate the nix and assign the following percentages: 


PCHINMAPAC WMI. eiscisls cfs ieiai« sae cee eee 10 
PeMBINMRMRUeMe ates ole slcere ee <eiese eee 19 
Medio kel <. sss 0s oe 6s Brahe Say oven 2) 
(ete METCEsCicarse is Soc cistes sic eu 10 
DRMOMGCIEEcMsis(clUle so cis ¢ccceceesses 10 
ORANG ERG ious sccesicaccce ses 10 
CMIPACAMI Iie. so cela slcctse esses 10 


PeOReAI MEM ce ccc osc ee ce cee «6 «100 


iear7zincethe AinStruction mix anticipated within TERPES, 
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at was estimated that the CP-808 average instruction 
executicn speed was 8.7 usec. yielding an instructicn rate 


of 115K instructions/sec. 


At this fpeint a problem was encountered with word 
length. as noted in a previous section the CP-808 cperates 
meer a :0 bit word, whereas, pEOLosced replacement 
GBinicomputers operate with a 16 bit word. To overccere the 
mamas length inequity, an instruction rate for doukle word 
MmitemEucticns (32 bits) and single word instructions (16 bit) 
were ccuputed seperately. Another consideration was to 
utilize, wherever possible, instructions that access memory 
meecectiy. { 7} 


The Sperry Univac AN/UYK-20(V) was found tc have an 
average instruction time for double word instructicrs of 
Bee 4 usec. with an eis teil ceo rate cr ean 
instructicnsysec. The single word average instructicn time 
Memmetnue cperry Univac AN/UYK-20(¥) was fcund to be 2.27 


usec. witk an instruction rate of 440K instructicnsysec. 


{10 J 


Due tc the Similarity or execution times betweer the 
Data General machines and the ROLM computers, it was decided 
that one set or computations would be sufficient we) 
demcnstrate their processing power. Using doutle word 
Mme tructicnos the average instruction time fcr this class of 
Macnine was 3.45 usec. or 290K instructionsysec. Single word 
instructicns were frocessed with a time of 2.755 usec. or an 


Myethwcticn crate of 362K instructions/sec. [9,11] 


As shcewn aktove the machines under consideration cculd 
easily handle the processing load being fertformed Ey the 
CF-808. This excess processing power is essential if the 
Cull pcetential of TERPES is te be ever realized in the aréa 


of real-time cperation and mnissicn planning. 
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PeeeaRLLfMETIC PRECISION 


Having démcnstrated the processing power cf the precpesed 
replacement frecessors, it waS necessary to examine the 
Meectsior they offered in arithmetic calculaticns. The 
importance of this attribute lies in the primary missicn of 
TERPES, which was the identification and lccation of hcstile 
emitters. In order to ascertain the lccation Gi a 
eerculdacr ematter, the directicn of arrival data extracted 
frcm the gissicn tape was applied to a locatcr module that 
contained tke location algorithm. It was in this section 
mete arithmetic precision became critical, fcr 1f a srumber 
cf significant bits of data were lost in the calculaticns, 


the chances cf producing a reliable site plct were minimal. 


The GP=ECS hardware normally provided fixed-point 
ccmputaticnal data elements which occupied a maxinun cf 
30-bits (cneé word). Another feature of the CP-806 was the 
ability te link the A register and the Q register tc fcrm a 
doukle-lengtk word that supported data elements that were 
60-bits in length. The A register was a 30-rit addressabie 
accumulatcr, while the Q register was a 30-bit addressable 
Meagieal functicn register. This double-length feature was 
employed in the emitter location algorithm as a software 


feature tc extend the precisicn of arithmetic calculaticns. 


This 60-bit fixed point double precisicn feature was an 
Cption that was not available cn any of the frocesscrs under 
consideraticr. At this point it was determined that there 
were only twce opticns available to overcome this prebien. 
ihe f£itst invelved determining the precisicn that wculd he 
needed tc satisfy the requirements of TERFES. The, first 


step in such an analysis was to determine the accuracy of 
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the data returned by the aircraft. The emphasis at this 
pceint was tc ascertain the number of bits that ccntained 
reliable lccation data for a given emitter. With this 
informaticn it wculd have teen possible te calculate the 
humber of bits of Significance reguired to amaintair the 
specified precisicn when computing an emitter'ts location. 
During tke cdevelofing stages of this analysis, it was 
determined that the required data needed tc perform such an 


analysis was nct available. 


This lack of data led to the second approach, which was 
tc €xamine tke way the propesed processcrs represented 
numerical quantities internally. It was decided that the 
Cepresentaticn that would most likely solve the precision 


prceklem weuld be a floating pcint representation. 


In this set of calculations, precision was taken tc mean 
the numker cf bits availakle to represent a numker. The 
numker of decimal-digits of precision was compared. Om 
these calicuiaticns hn was taken to be the binary bits of 
precisior and m was the number of decimal digits of 
precisicn. It was then necessary to sclve for B® in the 


mentcwing: 


mn n 
10 = 2 
HH soo. = n oy G 
t= nO. 350 103) 


(8 ] 


The results of these computations are répresented in the 


Belicwinc tackle: 
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the data returned by the aircraft. The emphasis at this 
ECint was tc ascertain the number of bits that ccntained 
reliable lccation data for a given, emitter. With this 
informaticn it wculd have been possible te calculate the 
Number of bits of Significance reguired to Mmaintair the 
specified precisicn when computing an emitter's lccation. 
During tke cevelofing stages of this analysis, it was 
determined that the required data needed tc perform such an 


analysis was nct available. 


This lack of data led to the second approach, which was 
tc examine tke way the propesed processcrs represented 
numerical quantities internally. It was decided that the 
representaticn that would most likely solve the precision 


meertem would be a floating pcint representation. 


In this set of calculations, precision was taken tc mean 
the numker cf bits available to represent a numker. The 
numker of decimal-digits of precision was compared. FOL 
these calculaticns hn was taken to be the binary bits of 
PEecisior ard amu was the number of decimal digits of 
precisicn. It was then necessary to sclve for @ in the 


fclicwing: 


m n 
10 = 2 
n ocevay = on meee 
m = n(0. 30103) 


(8 ] 


The results of these computations are represented in the 


Bericwinc tatle: 
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meeimnAL-CLICGIIS cf PRECISION 
GE-6CE 
Benger Glee Clon <2... 9 
Deubte Precision ...... 18 [2] 
ROLM Scodel 1664 (Floating Point Processcr) 
Single Precision 
Sele rOrMat «.ecss 7 
Extended Precision 
aot r Oi Mat) ss cs.a.) 12 
Doukle Frecisicn 
SPO teerORMdt sess. .e 16 [ 9} 
Sperry Urivac AN/UYK-20 (V) 
Peete tOnMat sev.e2ees ¢ [ 10] 


As ncted in the above takle, the lccation algoritha, 
when executing cn the cCP-808, was operating with 18 
decimal-digits of precision. It was estimated that such 
Frecision was excessive, but a 32-bit format that yielded 7 
decimal-digits cf precision was iNstielelen.. Having 
demcnstrated the precision available within the various 
hardware ccnfigurations the only ccmpetitor that aprprcached 
the precisicn cr the current system was the Floating Point 
Precessor available from both ROLM and Lata General. In the 
BOLM machines it was implemented as an integrated processor 
thet paralleled the general-furpose processcr. The Flcating 
Pcint Precesscr consisted cf eight 64-bit accumulators and 
cne 32-bit status register that were addressable by a set of 
£1 Floating Fcint Frocessor Instructions. Cperations between 


memory and tke FPP accumulators were also fully supperted. 
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In conclusion, it was determined that a couplete 
analysis cf the accuracy of returned data was essential to 
insure adeguate arithmetic frecision. With the above 
analysis ccmupleted it would then be possible to adequately 
evaluate the various machines to determine if the reguired 
precisicn can be oktained through software, firmware, or a 


harcware device. 
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V. SYSTEM ACQUISITION 


Bee ROCUREMENT 


Mmmees “Code cf Federal Regulations 41" and "Federal 
property Management Regulations, Part NC b= sii, 
Government-wide Autcmated Data Management Services 
specifies requirements concerning the acguisition of data 
precessing eéquipment. The primary reguirements cover 
sharing activities, commercial acquisiticn, sole source 
restricticns, vse of existing federal contracts, competitive 
bidding, and standardization and interchangeaobility of 
parts. Tkese requirements, as presented telcw, are not 
exhaustive and should only be considered as highligkts to 
the overall fErecess cf procuring a new data prcceéessing 


systen. 


[eee coaring Facilities 


-_ <P eee ee ee ee 


Ite first ccnsideration, as viewed by the Federal 
Government, 1s whether or not the proposed system cculd be 
Supported by ‘"“snaring" facilities with an existing systen, 
government cr ccmmercial. Automatic Data Processing {ADP) 
sharing means the use of available ALE resources by 
Seeanizaticns that the organizaticn providing the rescurce 
does not have a fFrimary mission respcnsibility to support. 
The Federal Agency requesting the proposed system cannot 
initiate the process of selecting and acguiring ADP time or 


Pervices f£rcm cCcumercial sources unless it has first 
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determined that the required ADP capability cannot ke met 
Satisfactcrily by utilizing existing Federal ADP rescurces 
or estarlished Gcvernment Services Administration (GSA) 
Mandatcry contractual resources. Based on the objectives of 
the TEREES syste and the uniqueness of the requirenents, 
Siempossitility of utilizing a "sharing" facility is rot af 


viakle alterrative in selecting a new systen. 


eee Reguirepent Type Contracts 


The next consideraticn in procuring ADP equirment 
(ACPE) is through reguirement type contracts. GSA makes 
selected ALEE available to agencies through requirement type 
SemeractS When such contracts will provide for substantially 
lower eégquifaent cost. Where ADPE 1s available frcm GSA 
reguirements type contracts, this source shall be used by 
all agencies as the primary source to satisfy needs in 
accordance with the fprevisions of such contracts. ee eenanS 
type cf ccrtract is not used, agencies may procure ADPE 
Withcut prior GSA approval provided (1) the procurement will 
occur through an applicable ADP Schedule ccntract, (Zz) the 
ccrtract is with a company that already has a Schedule 
contract but the requirements of the new procuremert are 
unarkle tc be carried ‘on the original Schedule contract. 
Consequently, a new contract is written with terms equal or 
better than tke terms in the original Schedule ccntract. 
(3) the value does not exceed $50000. 


Scle scurce frocurement of ADPE in excess of 350000 
Over the systems life by either lease cr purchase 1S 
pergitted crly after a delegation of procurement authority 


(DFA) is frovided Ey GSA. where a sole scurce procurement 
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appears tc te in the best interest of the Government, 
agencies must submit to GSA a reguest for a CPA along with a 
statement justifying the reguested ACrL en. The 
determinaticn must be accompanied by a certification of the 
availability Sis ecetitGcariens 20 accordance with the 
prcvisicrs cf GSA directives. After review cf the AFF and 
any other dccumentation essential to the justificaticn, the 
Commissicner, Automated Data and Telecommunications Service 
meet i) §€6©6ggrant authority tc the reguesting agency for 
Precurement, (Z) grant authority tc the reguesting agency 
£O'L proctrement and provide for participation in the 
Erecurenment, (3) provide Os procurement by GSA. 
Interestingly, 1£ no action is taken by GSA within 20 
working déys after receipt of full information fron the 
reguestirc agency, the agency may proceed with prccurement 
Semeecteaprrcval had keen granted. However, the day of 
receipt cf full infcrmation, as viewed by GSA, 1s a 
deratrable cate. tole order to establish a common 
understanding of the 20 working day period, GSA will provide 
Memeten verification to the requesting agency which 
identifies the day cf receipt of an APR. This day is 
Ewe ct tc written modification by GSA in the event that 
after review it was found that the APR does not contain the 


PeeintcCumaticn required...". [248,25] 


while there are restrictions cn sole source 
Suppliers, there are major factors to be considered in a 


multiple scurce installation. 


There are definite dcllar savings in procuring or 
leaSing feripkeral or main frame equipment frem 2nd or 3rd 
parties. Fer instance there iS an approximate savings from 


mometo 25 -ercent cn tape drives, 20 to 25 percent cn disk 
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Mmemves, and up-to 50 percent on memory. In additicn tc 
these savings, there are benefits sucn aS ne overtime ccst, 
Miantity Frice discounts, and 10 to 30 percent savings on 
3rd party maintenance. Processors may also Ee obtained with 
a relative savings compared to the existing system frem 3rd 


party rertirce ccmpanies. [46] 


E€sides the cbvious dcllar savings, there are cther 
factors te Fe considered in the decisicn as listed trelow: 
Gemeeiostallaticn ADP budget (2) security ccnsideraticns (3) 
gecgraphic ilccation of maintenance support for the new 
eguipmert (4) delivery time and installaticn and ccnversion 
tine needed fcr the new equipment (5) ccntractor flexibility 
With recgard tc time periods required to achieve lower lease 
rates (6) tine of next conversion; a new centract cculdé lock 
the installation into using the same equipment for several 
years (7) supplier staying power (is the supplier 
established?) (8) split maintenance resfpensibility; this 
cculd Ere tke biggest probiem because the lines of 
Maintenance Becromomoimitty-. § this »ecould ke the biggest 
prceblem tecatse the maintenance responsibility for failed 


egtipment weuld be difficult to delineate. 


Eeéycnd the considerations listed akcve, there are 
hidden factcrs that must Le discussed and utilized refore 
any decisior 1s made. Pier ne  srear (Of unreliable 
Cperation if the system is changed. Seccnd, performance 
imprcevements might not materialize as planned if the systen 
memecnanged. And third, 1f a long term lease is reéguired to 
oktain the ccst savings, the flexibility cf the system 
Operation cculd diminish. This could be disasterous tc the 


Cosel. 
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Bee GCHEetitive Bidding 


ihe aspect Of a sole source supplier naturally leads 
Pemetne Leqtirements cf competive bidding. Item 1-3.210 of 
the Code CE Federal Regulations discusses the 
impracticability c£ securing competiticn by formal bidding. 
Briefly, this states that purchases and ccntracts mey be 
negotiated without formal advertising "fcr property (ADPE) 
Memecerviccs for which it is impracticable to secure 
ccempetiticno."{ 24 ] Louse weunls aqutherity the Circumstance 
must exist tkat the property or service can fe obtained fron 
Smiemeepecrscn cr firm (sole source of supply) . ALPE is 
technical ecuipment which could require standardizaticr and 
mm@terchanceatility cf parts. Based on this fact ADPE 
Gemeracts Can acain be negotiated without fcrmal advertising 
Meeeraing tc i-:.213 in the Code of Federal Regulations. 
Mperedticn to this item falls within the specification 
Sweatrng “where in Special situations or particular locaties, 
technical ecuipment is available from a number of suprliers 
Which wculd have such varying performance characteristics 
(net withstanding detailed Specificaticns and Pagid 
inspecticns) as would prevent standardization and 
Mimerchancearlility of parts. Basic to all of these specific 
consideraticns 1s the underlying reguirement that all 
Purchases and ccntracts, whether by advertising cr by 
negotiaticn, shall be made on a cougpetitive basis to the 


Maximum practical extent. [ 24] 
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Bee EUNDIRG 


Regardless of the source of the new system for TERFES, 
funding has tc pé a major consideration. One solutior may 
be the Autcmatated Data Processing Fund. This fund is 
utilized wher the purchase evaluation indicates it is in the 
best interest of the Government tc purchase or utilize long 
term leases and funds are not readily available withir the 
reguestine agency or there is insufficient time to secure 
the necessary fEFunds under ncermal Eudgetary procecures, 
includinc reprogramming the required funds. GSA will make 
the determination whether cr not the funds wiil be used. If 
GSA determines to use the ADP funds, GSA will carry out the 
acguiSsiticn end retain the title to the ADPE with the 
reguesting acency establishing common grounds between itself 
and GSA fcr either installment payment or a lump sum payment 
reigbursing the ADP fund. The reguesting agency will, in 
effect, have a lease with GSA during the fpayback feriod 
Which iccludeés equipment cost and authorized fersonnel 


Benmvices. f 24,25] 
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Before a decision is made for any specific computer 
system satisfying the needs of TERPES, the project entitled 
"Ccmputer Férily Architecture (CFA)" initiated py the Naval 
Research Lak (NRL) under the sponsorship of the Naval Air 
Systems Ccmoand in conjunction with the Army Electronics 
Cc@omand should be thoroughly investigated. Due tc the 
Mature and impact of this project, the feasibility in 
meeeeamg £Cr the cutccme of this project before deciding cn a 


cctfuter syster weuld be a sensible and raticnal decision. 


The CFA Ereject evolved from the All Application Digital 
Cc@ueuter Pregram seeking tc obtain fer the Army and Navy a 
ccuputer arckitecture which will serve as the basis for a 
fanily et software-compatible computers, that can be 
1oplemented at various performance levels using advanced 
technologies. Particularly important is the 1981 time frame 
when CFA is tc be fully implemented. It is recommended that 
any decisicr on new equipment be made cnly after fully 
ccnsidering the benefits to be gained from the CFA afeprcach. 
Besides tte tize frame compatability, CFA wculd do away with 
the consideraticn cf sole source distribution and any 
associated Eroblems concerning competitive bidding on 


Seenmtracts. 


Maem specific eregram goals of CFA include: competitive 
cost effectiveness for a wide range of Army, Navy, and 
Marine COrEs applications; Significant improvemert in 
softwareyhardware life cycle cost; significant reducticn in 
hardware size, weight, and power; alternative suppliers; 


technology independent; and 3 mel generation software 


a6 





mmansportability. Mememopecitically, comeuter architecture 
is the furcticnal description cf a computer as would be seen 
by a machire level programmer, that is, everythirg the 
prcgrammer needs tc know to write programs that run or the 
cCmputer. This view en the ccmputer includes the 
instructicn set, registers, interrupts, and memory address 
space. The architecture does not include hardware 
implememtaticn features sucn as cycle time, instructicn look 
ahead, méemcry interleaving, bus width, or cache memory. 
Hardware design issues need not affect the software. More 
Bimmrtantly, a clear and clean distinction between the 
m@menitecture and implementation details allows software to 
be transported between computers with the same architecture 
even thcugh they may have very different Teatures. 
Standardizaticr CimeAanCHINGeECtTUCe  PperMm1ts the opfticn of 
choosing different hardware inplementaticns according to the 
Fest technclcgy that industry has to offer while maintaining 
a consistent and well known interface BOE software 


developerert and education. 


memes selecticn criteria ror CFA consisted cf twe farts, 
absclute SlLateriausaias Quantitative Criteria. Absolute 
criteria must be fully met. Failure to meet any cf the 
specified aksclute criteria means elimination cf that 
particular ccr&puter architecture from futher consideration. 
There are eight absclute criteria including virtual remory 
Pe@ee@Et, fretection, floating point support, interrupts and 
tLlaps, TediwiarEezat on, multiprocessor SUEEORe, 
Semeroliakility of I/O, and extendability. Quantitative 
Criteria wiil be used to rank those architectures that fass 
the absclute criteria. OQuUanticative enateria include 
Virtual address space, physical address space, fracticn of 
instructicn space unassigned, size of central processor 
State, virtual machine capability, maximum interrupt 
datency, and subroutine linkage. After the ies it of 


meamagt@date atchitectures have been narrewed down tc the 
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Mtinalist", cy means of the absclute CElterid and 
Guantitative criteria, test programs will be ccded and 
executed fcr each surviving candidate, to obtain data 
related ae the efficiency of the architecture. The 
quantitative criteria posed several prcblems in the areas of 
Meted@ rcrankirg of the criteria and normalizaticn cf the 
guantitative weasures. Both of these problems were cvercome 
through the use cf scaling and composition cf guantitative 
measures, the calculations of which are nct pertinent to 
mes Paper. However, what 1S pertinent is that a ccamon 
measure was established to rank the different architectures 


Sra tin¢ecar scale. 


The CFA ccmmittee reduced the number of candidates fron 
Memes tc fctr, using the absolute and guantitative criteria. 
Still left in the competition are the Interdata 8/732, the 
SeeerouP-11, the I8M 360/370, and the Burrcughs 6700. The 
Sperry Univac AN/UYK-20(V) and AN/UYK-7 were both eliminated 
under the aksclute criteria. DPotummmeeatled the ercccoluce 
criteria cf frotecticn based on the fact that some frocess 
could hang up the processor indefinately and tnus cause 
cther precesses to hang-up. Besides this, the Sperry Univac. 
AN/JUYK-20(V¥) failed the absolute criteria cf virtual remcry 
and the Sperry Unpivac AN/UYK-7 failed the aksolute flcating 
f[memmnct Criteria. Cn the quantitative comrosite scale the 
Sperry Univac ANyUYK-20(V) and the AN UYK-7 ranked éighth 
and nintk respectively in the field of nine candidates. fhe 
Mreeeen GYK-1z {lacked floating point capability), the RCL 
16C2 (lacked virtual memory), and the SEL-32 (lacked virtual 


memory) alsc failed as possible candidates. 
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mice CUETENt results of the CFA committee should net be 
interpreted as mé€aning that the Sperry Univac AN/UYK-20(V) 
and the s&CIM 1602 cannot meet the requirements of TEREES. 
However, the value of the CFA findings should not te taken 
Jightly, but should be viewed with interest as a planning 
Meee rOr the future. [29] 
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etre bee be naak ALTERNATIVES 


> ee ee eee ee ee — > See ee 


One aspect that was initially proposed was a review of 
the available militarized peripherals. This preposed review 
would Povicu culminated § 2p a recommended set of 
State-cf-the-art feripherals tc replace the present Set. 
While researching this question it was learned that a 
decision had reen made to utilize a commercial disk ir the 
hardware suit cf TERPES. 


The CLisk Storage Unit that was acquired for TEREFES was 
the CDC S74C. This unit was a commercially available device 
feeewas not develcped or constructed fcr implementation 


Within the severe environmental constraints cf TERPES. 


The importance of the disk unit was stressed in the 
scftware structuring and development phase because cf the 
expanded capakility it provided. With the development phase 
ccrpleted the Disk Storage Unit will have become an 
Pereemttial part of TERPES operations. A failure orf this unit 
would essentially terminate the processing capacility of 
Meeks. 


By selecting a commercial disk the credibility of 
equipment specifications was dealt a damaging blow. At this 
Beant at was determined that a review orf eéquiprent 
specifications be conducted by the user community in order 
BomeasceLtain the reliability and correctness of TERPES 
eguipment specifications. With a user analysis ccmpleéeted, 
it may ke advisable to procure commercial equipment that is 
housed in industrial enclosures, whereby eguifment costs are 


reduced while the available eguipment market expands. 
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eee ELCOTIEES 


Maes EULECSe Of the Calcomp 563 plotter was to previde a 
Maeda cory cf graphics terminal displays. While pletting 
ccaprised akcut 50% of missicn tape analysis time, the 
Fictting cycle was not considered essential to the success 


of a missicn. {1] 


ks Militarized ys Commercialized 


= a ee ee ee -ce —= = —_ a ee ee ee ee ee eee ee 


A gilitarized plotter would cost approximrately 
cuueeroo0 «€6tOlhUcLFuy. The Calcomp 563 costs approximately $6500 
memeuy Or S30C per menth to rent. Based on the high ccst of 
a Bilitarizeéed flotter and because the pletter is not mission 
essential tc TERPES, it was felt that there was no neec for 
Emeemeiatarized plectter. HascdmOnies tis SCOnclucicn, this 
section wili discuss the characteristics of ccmmercial 


Peetters. 


There were three types of available fplotters: 
ieacobed, drtr, ard electrostatic. The flatbed flctter 
utilized a flat sheet of paper, held in place, while the 
Wwoiting instrument was moved in two directions tc draw 
lines. The advantase of the flatbed flictter was that 
additions cculd te made to existing fplets. The disadvéntage 
could be extra space reguirements of the pletter, which was 
dependent on tke size of the paper. The drum plotter acved 
the paper and the writing instrument to preduce the lines. 


The advantace cf this unit was that long drawings cculd be 
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acccmplisted in a compact space. However, there were width 
Semsetraints, which limited the size of the drawings. 
Electrostatic plotters moved the paper to preduce one cf the 
movements and utilized a row of stylii acress the width of 
the paper preducing images consisting cf a multifle of 
pceints. The advantace of this plotter was the speed ard the 
ability te dcuble as a line frinter when equiped with a 
Character gernerater. However, the flotting required an 
unusual preogramming method for generating line by line feint 


rasters. 


fieetcmecgeCOMNtaIns state-of-the-art characteristics 
Semeilatcred, drum, and electrostatic type flotters. FOr 
cCfpariscn, the characteristics of the Calconp 563 drum 
Fictter are underlined in Table 35 The Eee loma ng 


Characteristic definitions may be useful. 


accuracy : pen positioning error 
rescoluticn : méasure of closeness in drawing lines. 
repeatakility : measure of capacity of the device tc 


EME bOnanPEeviously plotted point. 
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FLATBED DRUM PEEC LAGS LAT EC 


accuracy 004 in. BUW2o oN. SON a. 
n/a 

rescluticn mOOOet Ath. O02 2.1. 200 points/in. 
ai ins 

repeatakility .O04 in. OO 2 ell i n/a 
nfa 


Paper gcverent 
speed n/a 30 in./sec 7 tan. /Sec 


2 in./sec 


Fen movement 


speed 100 in./sec 30 in./sec n/a 
2 in./sec 
{37} 
Pao 


Srpeces the plotting Of a Mission required 50 percent 
of the tctal time to process a mission and pecause the 
Calccmp £63 was considered a slow pictter, see Table 3, a 
faster pletter would be a definite advantage and justifiable 
Pmmemetcnue Stardpoint cf time and speed cf plotting. However, 
fmietes pictting speeds correspondingly carry higher cost. 
Therefore tte decision on how fast a eElotter would be 


necessary, weuld depend on the availability cr funds. 
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VIII. PROCESSOR ALTERNATIVES 


Semccne MFMUCHY EXEANSION 


The gain thrust of this proposal was to increase the 
Size cf main memory in crder to support a more ccmplex 
software structure. The increased memory would have enhanced 
system throughput Ey reducing the number of data transfers 


frcm peripheral stcrage. 


fhe first step in this analysis was tc determine the 
possibility cf expanding the CP-808's 32K cf core mnemcry. 
The NIDS Acvanced Data Management prograp was ccnfronted 
Meee a Crcoklem similar to the one facing the TERPES 
development team. AS requirements for infcrmaticn have 
expanded «itkin the NIDS community the develcpers were faced 
with either the purchase of new systems or expansion of the 
existing systems. The design and iaplementation cf new 
systems was an endeavor that was constrained by tae lack of 
funds. It was felt that system software life cycle cests 
would Le adversely affected by the proliferation of system 
configuraticns which Might result fine 0 non-uniform 
Miitegrdaticn designs. The prceliferation Cr application 
Criented systems would increase the cost of equipment 
Maintenance, interfacing, personnel training, and software 
developmentynmaintenance. In order to maintain the integrity 


of the extensive software base, it was determined that 


systen éxpansion was the only viable soluticn. The 
igplementaticn cf this soluticn was realized Ey the 
development CE a distributed processing system which 
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Moa zed the Cr-6428 processors and an extended memory unit. 


[35] 


Cf interest to the TERPES project was the availatility 
of an cferational memory unit that was capable cf being 
interfaced with the CP-808. The applicable extended remery 
unit was designed and developed by NELC, San Diego with the 
ccmmerciai ccntract for equipment construction awarded to 


meemeantrc] Lata Ccrpcration. 


The designation of this unit was the CrC MU-602(¥)/UYK 
Extended Core Memory Unit. The underlying goal cf this 
device was tc cffer militarized, high speed ccre memcry te 
enhance the capabilities of current computer systems. The 
Pemuemad the capability of serving four CP-642B's on a 
first-in, first-out basis. The interface that was developed 
between the FCMU and the host computer provided for a direct 
access cf up to a maximum of 294K words of ccre memcry, 32K 
of which the CP-642B had internally mcunted with the 
remaining 2€2K words housed in the ECMU. The ECMU sas fully 
militarized and was available in a water cooled or air 
cccled version. The operaticnal characteristics of the ECMU 


WELE; 


PenOnY 
ereemage Capacity ......-. 262,144 36 bit words 
Premera rity 2s. <6. Wieetsavertlabke an inerements cf 
32,768 words. 
MPMECEOL IDC sliocwscscsiceess t205USeC. 
SUR II 61265068 6s ss seas, 29 CUubie ft. 
PERCE is cao s ces ecseecccs« 2 anches 
RUBE tieiclsis sss <ses+eeee2es 1400 pounds 
Terre rOUIREIMENTS 32.0002 115 VAC; 3-Phase; 400-Hz; 
2400 Watts 
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0 0 
Meerating Lemperature ..... 0 to 50 C 


O 0 
Peerage TEm@frerature ......2. -62 to +75 C 


Pomme HUtIdlty .....ssee-..- 95 percent 
[36] 


At the time of this writing, the ECMU's were Leing 
preduced at tke CDC flant in St. Paul, Minn., and the 
prceducticn called for the manufacture of 70 units. It was 
estimated that any new orders wouid take about 8 to 12 
Wemtns tc fill. The cost of the ECMU with a full conplement 
of memory beards was eStimated at €260K with the possitility 


of a reduced rate, if a substantial order were placed. 


In ccrjunction with the placement of an crder for the 
ECMU, steps would have to Ee taken to prepare the CE-642B 
for the irterface. The hardware modificaticn of the CE-642B 
consisted of a modification kit that must be installed by 
Univac technicians. The modification was available on-site 


Seeeat dad Univac facility and the cost wasS eStimated at $20K. 


The degree of core memory expansion was the next proklem 
addressed. An analysis of the time the processor must he 
idle waiting tor the transfer of utility programs fron 
secondary storage was proposed. This analysis required a 
therough kncwledge of program size, sequence of missicn tape 
analysis and a means cf predicting the frokability of having 
the reguired programs in core. Due to the cngoing scftware 
development, the actual physical size of the progrags and 
moemproOrakbility of having to wait for the program tc be 
leaded from peripheral storage were unavailable at the time 
of this analysis. It was determined that this tyre of 
analysis was essential in order to ascertain the preper mix 
cf ccre memcry and peripheral memory. It was for this reason 


that an analysis uSing theoretical parameters was ccnducted. 





The wéemcry management technigue used at TERFES 


development was a segmented overlay approach. 


The apelicaticn programs within TERPES were wsodelled 
after a menu driven system, whereby the analyst steps 
through his analysis Ey selecting the aspect of precessing 
he desires. This technigue enakled the construction of 
prcgrams in a segquéntially structured format, which enhanced 
the linkage cf various subroutines. After a menu selection, 
an executive mcdule is loaded with its associated overlays 
intc the task area. A review of the ccre structure was 
deemed necessary at this point in crder to stress the 
impertance cf a well developed core map strategy. The core 


Map strategy employed in TERPES follows: 


MEMORY LCCATICN APPLICATION 
meee dor l2 oo ..5++56s0+-+-- Linkage Variables 
Weeerncrd GOO) .............. Resident Services 
Global Variatles 
et 1S 2 sone ses ee ee ee SYStEM Configuration 
Tables 
System Buffers/Tables 
I/O Drivers 
Resident Services 
Mpa 10200 2..5.5.¢6e-.-. OS Transient Area 
eee chEu 2€672 ....2002+-4- Task Area 
Meee ic £2768 ..c0ec0eeee5 Manual Gtilities/Loaders 


The two important aspects of the above table were space 
allocaticn fer the task area and the OS transient area. The 
CS transient area was allocated 2048 werds of memory for 
various executive modules that were used tc implement the 
overlay technigue. The task area was allocated 18452 words 
cl memcry for application programs (Missicn Planning, 


Mission Priefing and Database Utilities) and their 
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associated data. The segmented program tlieccks were 919 
words in length and were transferred at a rate cf 380000 


bits/secycharnel from peripheral storage. 


The pecint of contention was the optimum amount cf temory 
tc procure. keference (38) contained a reccmmended apfrcach 
fer deterring the optimum memory size for a particular 
System. The heart of this scheme was the fpreducticn of a 
farachor curve that graphs total available memory against 
the number cf page faults that cccured under varying temory 
sizes. The resuiting graph showed that as memory size was 
increased the number of page faults decreased to a threshold 
pcint, after which an increase in available memory precduced 


no dramatic decrease in page faults. 


Due to the lack cf available data, the preparation cf a 
Seeumelar curve for the various applicaticn pregrams used in 
TERPES was net possible. The lgportance of such an analysis 
Cannot be overstressed for its results shculd preduce a 


Suitable memcry Size. 


The page size utilized in Reference (38) was 4K _ tytes. 
The block ¢1ize transferred between the cCP-808 and its 
peripheral stcrage was set at 919 words. The total address 
Space available fcr applicaticn programs was 20K allowing a 
tctal load cf 21 sSegements. Extracted samples cf fEage 
interrupts from Reference (38) yielded the fcllcwing 


transfer times: 
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eemCRY SIZE DRAW oe chet THES 
PACES ste arate terse sc ascas 1/66 Sec. 
RDO E-Eematsicie ts cestatetsices ssc s<- «#046 SEC. 
PI N@eteeteteiteewo te acre cietsis oe. ses 446 sec. 
MM MeIs elses cere) ce aleve orcistels ec.ce« 191 Sec. 


DEMIR Tero as ca ete es cis kis eo 93S. SEC. 


The impcrtant aspect of the above analysis was to 
degcnstrate the importance of analyzing the software 
Peeucture, in order to procure the ccerrect amount cf core 
memcry. As the corplexity of software increases to meet the 
future requirements of TERPES, overlay time may dramaticaily 
reduce availarnle processing time if insufficient stremory 
Space were procured. The desire here must be tc enhance 


thrcughput tc permit a more complex software structure. 


In conclusion, it was determined that a memory size that 
exceeded 2zK waS a requirement. The ccnstructicn of a 
parachor type curve was a recommended technigue that shculd 
be used tc enhance the possibility of purchasing the oftimun 
Memgcry size. It was ascertained that this expanded mremory 
Should Fe aincorperated into the prcecurement of a new 
machine. Expanding the memory of the CP-808 was not 
considered tc be a feasible cption. The major limitations 
were the excessive cost and space reguired rcror the ECMU. 
Space allocation in the system vans was considered a 
Critical feint and a factor that eliminates the intrcduction 
of the ECMU. It was further determined that an expansicn to 
the full Z6éZK was not economically feasible. An expansicn to 
€4UK cr 9EK was a better alternative but with such an 
Becansion the physical size of the ECMU was still a liniting 


mactcr. 
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PemeesecRbY UNIVAC AN/SUYK-20(V) 


The Sperry Univac AN/UYK-20(V) had definite advartages 


and disadvantages as an aternative for TERPES. 


1. Advantages 


The Federal Gcvernment signed a contract with Sperry 
imeevec. fcr the tanufacture of AN/UYK-20(V)'s. Because of 
fmeomGOntract, the AN/UYK-20(V¥) will have wide spread usage 
throughout the Navy and Marine Corps with the associated 
peeenang Ck parts to support the computers. The a¢esign 
objectives cf the AN/UYK-20(V) were aimed at military usage 
and included the usage in tactical data systems. The 
Swprort of CMSs 2 Seumauecte "dad =djstinet advantage or 
disadvantage if the military ccmmunity, as a whole, selects 
Saeweee a= its standard language to supeert all tactical 
Gemeuter arrlications. Due EO the Navy's present 
Semmrtement to CMS-2 as its tactical computer language, the 
meetetadoliity cL a CMS-2 compiler fcr the AN/YUYK-20(V) must 
be viewed as a favorable system option. The low relative 
MTEF of the AN/UYK~-20(V) was guestionakle. Taking into 
ccnsideraticn the possible bias of the scurces cf systen 
MTEF, the ccst of the AN/UYK-20(V) was not unreasonable and 


shculd nct be the sole reason for disqualification. 


me ee ee ee [ES = 


The number one reasons Low eliminatina the 
AN,/UYK-2C(V¥) from TEBPES consideration presently cutweigh 


the reascns for selecting it. Since the ANyUYK-20(V) was a 
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Gemelectely new design with no estactlished computer for 
Beeving knewn problem areas, the AN/UYK-20(V) will pgrcbably 
experience all the common problems, typical cf a ccmpletely 


new systea ard design. Such problems include: 


(1) limited software support 

(z) developement cf software in house 

(3) hardware and software bugs 

(4) limited user feedback due to the small number of 
operating applications 

fPemenect UPWard compatible with any other ccmputer 

(6) limited expansion capability due to the maxinuag of 65k 


Of ccre memory 


Mieeepabtacular, aif TERPES was We Laz Lng the 
Meee 20(¥) and CNS-2 was the supporting language, the 
Sempaidticn weuld have to be done with ancther ccuputer 
because CMS-Z requires four tape drives fcr ccmpilaticn and 


TERFES will use two tape drives. 


Another aspect is the renegotiation of the 
Bemeeeen>20(V¥) contract in July 1976. The new cost tc the 
Meme Or the AN/UYK-20{¥) could be drastically changed. 


Beco lOER MILITARIZED PROCESSORS 


The main advantage that ROLM militarized computers had 
over the Sperry Univac militarized ccmputers was that the 
design of the ROLLS cGomputers were structured arcurd an 
existing, established, fully cperational ccmputer (the Data 
General ccmputers). Therefore, the ROLM ccmputers had an 
established sortware base, interfacing Gapagilaty, 


Sstacviisred cperating system, and farts suppert. Because of 
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these factors, the ROLM Computers were upward compatible, in 
beth hardware and software, which was a big advantage in the 
area cf expansion for future needs. In addition to these 
advantages the ccre memory in the ROLM computers was 
expandable far beyound the limitaticns of the 65K in the 
Sperry Univac AN/UYK-20(V¥). 


Recently there were CEher —Ccmeuter Manufacturers 
eeeening the rilitarized field. Because of this, the 
Somectiticn in the militarized field will brceaden, bringing 
leower prices, new technology, and increased capability. In 
Peeeemecular, the (FEC Corporation was in the prceccess of 


fheepearizing the PLP-11. 


If the cperating environment of TEREES required a 
Rilitarized ccmputer, the ROLM Model 1664 weculd be the test 
ed Ce . Disregarding the unpublished MTEF for the ROLM 
Model 16€4, it was the most powerful, cost less than the 
RCLM Mcdel iow 2, and was expandacrle f Ou future 


@emoiageraticrs. 


Behind all these considerations was the Computer Family 
Peemetecture, CFA, idea. This development shceulc¢ pe 
fcllowed clcsely in the future, to determine if the outcome 
Of the CFA investigation will have a major impact on the 


System used in support of TERPES. 


ieee ChUERCTAL PROCESSORS 


The crticn of using a commercial processor alcng with 
all ccmmercial ecuipment to support TEREES was the most 
Mmetedctive of all the opticns. This reccmmendation was 
kased on the cperating environment of TERPES, as it did not 


meerate the use of Militarized eguipment. Tnerefore, 


Te 





memeLouS attractive aternatives in the realm of ccommercial 


equipment became available. 


The srost attractive aspect cf commercial processors was 
the ccost. Figure 1 showed that the best alternative, tased 
ch price and MTEF, was the Data General Model 1210. 
Altrough the Data General Model 1210 was ccnsidered 
inadeguate tc meet the entire needs of TERFES, based cn the 
sccpe of its frocessing ability, the next test computer was 
considered tc be the Data General Modéei 830 which did meet 
the regquirexzents of MTERPES. However, the CccBpmercial 
Ccmputers discussed in this pafer, represented only a szsall 


portion cf the ccmmercial minicomputer market. 


With a large field of ccmmercial alternatives tc chcose 
frcmw, advantages such aS extensive software, solid farts 
Suporte, Upkard compatability, field-prceven hardware and 
scftware, and ccmpetitive bidding became important foirts in 


Ssuppert cf ccmmercial computers. 


The aspect cf lower cost, relative to militarized 
Erecessors, allowed the possibility to invest in a acre 


powerful precessor and thus giving expansicn capabilities. 


jae babagware coniiguraticn that sSupperted TERFES was a 
mixed system which ccnsisted of militarized and ccmmercial 
equipment. hee oetuteiwlar,) 6t Utalized a commercial disk 
unit. Since the disk unit was considered the most critical 
Eiece cf equipment in a total militarized syste, the 
existance of the ccmmercial disk unit in the TERPES systen 
Supported the recommendation for the entire system tc be 


ccmuméercial. 
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The disadvantage of commercial e¢quifnent was in the 
Beeetole difficulties in oontaining approval for acquisition. 
Tho2s sShculd not be a deterrent as there are specific 
procedures fcr purchasing commercial ecuipment which may not 
be as ¢asy as purchasing equipment under existing Federal 
Contracts, Lut the savings in cost were considered well 
worth the effcrt. 
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Pee OL ne ES NAANCE MENTS 


a ce ee a ee eee el ee eee 


mem ittlementaticn of TERPES will in fact enhance the 
Capabilities of fost-missicn tape analysis. The planned 
Changes will provide the operaticnal user ccumunity with a 
meemewith which to update and correct flight path data while 
prcevidine a mechanism for selectively prccessing mission 


ieaepecs. 


Althcugh the above points were ccnsidered Ee be 
essential réeguirements within the framework cf TERPES, there 
Sem CXiStS a need for a mcre sophisticated system toc 
prcvide timely infcrmation to the operational] commander. The 
analysis cycie should be carried cn in a real-time 
Environmert. The areas that will require extensive tize and 
effort were determined to be missicn flanning ard a 
See tank carability for TERPES. 


A. WISSICN ELANNING 


Within the structure of missicn planning, there exists a 
requirement tc ensure that the characteristics of a mission 
prcfile, the mucde cf aircraft emplcyment, and aircraft fcrce 
levels Fe readily available for briefing aircrews. In the 


aré€a of nissicn f~lanning, TERPES was structured to fermit 


gueries of the Naval Intelligence Freccessing ‘Systen 
Mieerronic Crder of Battle to provide fission threat 
analysis and jammer requirements to ccunter specified 


threats. TEREES-provided-data coupled with strike rcutes 


and target assignment were the basis for a gzission planning 





package. 


Given the basic capabilities of TERPES the develcement 
team will be reguired to develcp a dynamic system. The 
System gust net only provide a static evaluaticn cf a 
Bissicn profile, it must also have the capability to adapt 
to a changing Ek environment. The changes that must be 
addressed are threat emitter depie yientyuGCoility, 
technological advancements, emitter empicyment and the 


impact of recuced equipment performance. 


In the final analysis, the strength of any mission 
Mmeeomeng package lies in its ability tc perfcra the 


fclicwing: 


1) define enemy radiation doctrine 
Meeeerovide accurate and timely emitter lccation 
infcrmaticn 
eyeepeojyect aircraft availability and wearfons loading 
4) assiniléete returned reconnaissance data 
SemeeGovide strike aircraft flight characteristics 
BpeepEecject aircraft vulnerability 
7) prepcese aircraft standofr distances 
mymecrececse aircraft routes of flight 
€¢) previde enroute aircraft coordination 
10) provide an effective and efficient intelligence 
repertirg systen. 
eG 243 


EMRE AL-~ITIBME ANALYSIS 


fifeme=trength Of any tactical system is the ability to 


previde timely infcrmaticn to the operational] commander. The 
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current TEFFES reguirements do not outlire any real-time 
analysis cf data as provided by an on-Staticn aircraft. The 
weality cc perforn such an analysis can never be 
overstressed. The informaticn that is revided in this 
Marner can assist in upcoming mission flans while providing 
new and ¢eossible unusual information that may signal a 
Change in enemy radiation doctrine. When this data is linked 
tc a mission flanning package, outgoing aircrews can receive 
infcrmaticn that cannot only contribute te mission success 


but can frevent the lcss of aircraft and lives. 


The tinreliness of this information might ke realized by 
utilizing an cnboard digital ccmputer that was designec to: 
(1) provide surveillance over a broad range of frequencies 
in a dense eénvircnment; (7 etic Lewadentiticatlion and 
evaluaticr cf Signals of interest; (3) fiiter and maintain 
parameters of interest; (4) associate directicn of arrival 
Gata witk tke received emitter Signal; (5) frovide a means 
of structuring received/filtered data for transmissicn tc a 


rerote site fcr further analysis. [44] 


Frazer (kef. 44) proposed a system that linked a series 
ot Instantaneous Frequency Measurement receivers to a 
Peeeral purepcse digital computer. The cutputs from the [FM's 
would be filtered and structured into transmission-criented 
data sets by the digital computer and data-linked tc arcther 
ccpputer hee detailed classification, analysis, site 
Peete ing, threat evaluation and final integration intc the 
Bission flanning database. As propsed the IFM's would fass 
emitter data tc the digital computer through a commcn sgemory 


stcrage aréa. 


Miemitpiied Technology Corporation of Sunnyvale, Calif. 
prcduced a small high speed special furpese computer that 
appeared to fit the needs of an onbcard processcr. Tae 


ccuputer designation was the Applied Technology Aixrkcrne 
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Ccmputer (ATAC) and it possessed the follcwing operational 


Smaracteristics: 


BRM Z © Sse cece sce ecccc es 16 Dits 

ere iM ec ee ee eee awe eee 437 NRaNoseconds 
{register to register) 

Pere LH ANSFER ..0cecee0e-2- COLlLECt/transfer data to 
seperate devices 
Simultaneously at a rate of 
1000K words/séc. 

PGR Y 223 cece ce cece wesc ces MEMOLTY pages (4096 words) 
operate independently ané 
asynchronously to allcw 
Mixing of core memory, read 
cnly memories (KOM), and 
random access temories (KAM) 

Peeper UNIT 2... ss esscecaeess. tWO direct memory access 
Channels, 8k werds of memsory, 
and a prcegram timer. 

MEMREOL ls ss sees eseesaseseeee 3 DOUNAS 

SOMEONE N S| alesse ssc esses OLN—= Dy Bin= by 2.5in 


Meereerany SEFECTFICATIONS ... meets MIL-E-5400 £or tent. 


0 0 
Eandem=ss Co urcot/) Cas 


well as specifications fcr 
hn tye vine rat LON, Shock, 
Rat Sand eenr te 

[45] 


Besides the adaptation to the EW envircnment, software 
exists tc fperfcorm the special applicaticns reguired. The 
scftware supfrort package was designated as the ATAC 
Fregramming Suprfort System. There also existed a set of 
Riclorrograpued INnStEYuectL Tons that assisted 1D the 
modificaticn cf the system structure for additional special 


applicaticns. 
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The above eprcposal provided a means fcr develofing a 
real-time system that would produce the informaticr the 
operational commander BeGuited.. Althcugh the actual 
developmert and igplementation cf a real-time syste was 
considered tc be a rather costly venture, the flexibility it 
wculd prcevide the EW community waS immeasurable. One 
approach to the funding probienm would be to extract frem an 
croecing freject the technology and hardware that was 
developed tc meet its goals. Investigation revealed the 
Seemsecnmce CL just such a project, the LAMES DPU frcject. 
Prem gOais cL this project were to develcp a system that 
extended the electronic sensors of the fleet. The precpcsed 
senscr flatfcrm was a LAMPS helicopter equipped with a 
Special furpese EW filtering computer and a data-link device 
to relay tke information received to a larger computer 


mmeacd Skip ter further analysis. 


Further discussion of this project was net considered to 
be within the sccpe of this thesis. The point to be made was 
meee a real-time application of TERPES may in fact Le guite 
feesible. Tke feasibility of this application lies in the 
ability et Poem PERPESe SteCring  GOmmittee to extract 
necessary technclcgy from ongoing projects, rather than toe 


initiate a mcre costly in-house effort. 
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APPENDIX C 


EQUIPMENT DESCRIPTIONS 


pemeeOlLh CCEECKATICN 


lmeeescae!] 16C2 Specifications 


= ae ee ee 


fre Mcdel 16502 (AN/UYK-19(V)) was a 16 bit general 

purpese "gilitarized"™ computer. The microprecessor executed 
Beeeeit MICIC instructions at a5 MHZ rate. TUIwenty five full 
length recqisters were available at the micrcprogram level. 
One-eighth cf the micropregram capacity cf 4K words was 
utilized in inrlementing the Model 1602 irstruction set. 
The Mcdel 16CZ utilized conductive cooling te the case, thus 
eliminatirg internal fans or coclants, resulting in a sealed 
Secucture eae strength and ane (eclectrcmaaqnetic 
interference) protection. Hardware multiplyydivide, double 
word Postructlons, hardware stack instructions, n-bit 
shifting caparility, and a file search were standard. The 
cpu chassis had rcocm for 8K of 1 microseccnd core memcry. 
Memcry expansicn prcevided for additional memcry, in 8K word 
mnycrementsS, tc a maximum of 256K. Instructicn classes that 
were Stancard cn the Model 1602 included: 

* sigredyunsigned, multiply/divide 

* fiie search and compare 

* dcukle word memory reference instructions 


additional arithmetic and logical cferations 
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Peo teCromMentedsinstlLuctions with hardware peinters 


* sincleydoukle accumulators, n-bit shifts 


Ceticnal features included: 


* Ficating posit firmware, Ee veraelarc single 
Pmeeecrsion (24 bit +Sign and 7 bit exponent) floating point 


Pe teucticns. 


* Séeniconductor ram (random access nemory) which 
offers 45C nsec read cycle time memory utilizing a static 


cmcs chif. 


* Dual port memory allowing memory in any external 


memcry chassis to ke shared by two processcrs. 


* Peripherals include magnetic disk, magnetic tapes, 
paper tape readéer/punch, card readers, line frirters, 


analcogueydigital Iy0O, and NTDS eguipment. 


The Model 1602 was available in three versicns of 
MiemerR (air transportable rack) chassis , two cf which 
Seomedined &K of core memory with the chassis. The third 
Semeaguration for systems with more than 32K werds of core 
memory, ccntained ro core memory within the chassis. In all 
versions additional ccre memcry increments can be attached 
to the chassis. Each computer chassis ccntained a fower 
SWieply, the contrcl processing unit (9 Circuit modules), and 
additicnal sicts for core memory and I/O cr memory rocules. 
Ccre memcry increments cf 8K werds were packaged cn four 
circuit rodules which plugged into a computer chassis cr one 
of three wemcry ckassis. The Model 1602 ccntrcl panel was 
available in two versions. One is designed to attach to the 
ccmputer cr memory chassis becoming an integral part of the 
system. The other was designed to ccnnect by cable to the 


Mepeuter. Ecth had the standard ATR cross secticn, self 
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contained pesxer supply, and LED display. 


The Mcdel 1602 met military standards MIL-E-16400G 
Mmteses . fcr Sshiptkcard use and MIL-E-5400 fcr aircraft use. 
The inspecticn pro The inspection program cn the Model 1602 
met HIL-I-4S2C8A class I and the quality assurance 
Pmeceagutes met with guidelines of MIL-0-9858A. [16] 


The Mcdel 1664 had a hardware floating Pounce 
prcecessor, a bicropregrammed general furpose processcr, and 
a direct memcry access processor with an executive aode 


permittirg ccaplete memory access and I/O pretection. 


The Mcdel 1664 used a bit addressing organizaticn 
that was nct ligited by conventional werd boundaries. 
Memressing may be ty bit, byte, word, field, block, cr kEyte 
string and list. There are 17 registers of various lengths 
that are directly available to the prcgrammer. The Mcdel 
1664 effered a choice of six addressing modes which 
ccnsisted cf direct, indirect, relative, indexed, base, and 
autc index. Uf to 128K bytes cf core memory could have Leen 
addressed directly Ey means of the extended memory reference 
instructicns and any point in memory may be addressed [Ey any 


cther poirt in memcry. 


Ccondtctive cooling was emplcyed in the Model 1664 
with an additional wrap arcund chassis mounted heat 
exchanger which drew air past ccoling fins attached to the 


outside cf tke chassis. 
The floating point processor performed a wide range 


@emetloating roint arithmetic operations, as well as 


cenverting data ketween integer and floating point fcrmat. 
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Meemevallidkie frecisicn feature of the precessor gave the 
computer the akility to handle the internal handling of 
infcrmaticn as well as efficient use of memory space and 


execution sreed. 


TkEe direct memory access processor ferformed direct 
twc way cata transfer between memory and any péerirfheral 
device at Eyte rates cf up to 2M bytes fer second. This 
Prcecessor cperated independently oe the other two 


processors. 


The pBulti-accunulatcr hardware ficacsang, “seint 
prcecessor was internal to the Model 1664. The standard 
Pmmenm@etic instructions (add, subtract, multiply, divide, 
fixed and flcating point) had been enhanced by the addition 
of Sguare rect, inverse integer, ccmparison, set status, and 
test functicns. Three degrees of precision were offered in 
the Model 16€4, 32 bit single precision, 48 bit extended 


Mm@ecislon, ard 64 bit double precision. 


The Medel 1604's executive mode provided hardware 
prcetecticn Leéetween user programs and between user and 


executive systems in a multiprogrammed envircnment. 


Ictal memory addressability was 512K scytes ir the 
Model 1EE4 with Raln memory available in 16K eEyte 
increments. Up tc 64K bytes of 1 micrcseccnd core memory 
could have keen installed in a memory chassis attached to 
the processcr. Kultiport access <6 external Hemory 
popaicted the Model 1664 to operate in a multiprocesscr node 


With each precessor sharing comumon external memory. 
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AS many as 61 I/0 devices were interfaced to the 
Medel 1664. The Model 1664, like the Model 1602, utilized 
the IyYO bus organization to transfer data between the 
ccmputer and peripheral devices at rates up to 2M bytes per 


eeeond. {S, 12° 


B. DATA CENEFAL CCRECRATION 


fee NCd¢cl 83€ Specifications 


The Kcdel 830 waS a non-militarized mediugz scale 
cc@puter with high density core memory, dual creraticns, and 
Mmeexit ole I/C. 


The ¥cdel €30 operated with a memcry management and 
pretecticr urit allowing memory expansicn to 256K Eytes, 
memytLedged instructicns, protection for Iyc devices, and 
both read end write protection for mair memory. Dual 
Oferatior alicws any two major systems frograms tc run 
concurrently, each with full protected access tc systems 
rescurces. fFcr example, 32 terminals can time share in 


mastic, While a ratch stream runs. 


The central processor was organized around four 16 
bit accunulatcers cf which twe could have teen used as index 
registers. The multi-accumulator architecture reduced the 
numper of instructions necessary to execute a program. Full 
memory cycle time was 1000 nancseconds, executing arithmetic 


ang legical instructins in one cycle. 


The Mcdel 830 used 16 Dts Single word, 


Pwerersuncticn instructions. For example, arithmetic and 
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Meeredl Instructions, in addition to their eight Easic 
furctions, mcdified an operand, shifted the result, and/or 
tested tke result. Altogether a total of 256 variations 
cculd have been performed on each arithmetic and lcgical 
mien ucticn. Memory reference instructicns moved data 
between remcry and accumulators, and modified program flcw. 
IyO instructicns transfer data tetween accumulators and 


peripherals, and ccntrol those feripherals. 


Kajci subassemblies were packaged on a single 
printed circuit coard. A single etched back panel maée ail 
interkoard ccnnections. The Model 830 contained two central 
prcecessor Ecards, and either contained or was wired fcr a 
Memory Maragerent and protecticn unit. There were seventeen 
sukassemrly slcts. The expansion chassis, which was mcunted 
celow the ccoputer, had slots for seven Iy0O boards. The 
Medel 83C was rack mcuntable. [23] 


Tke central processor of the Model 121C was 
organized arcund fcur 16 bit accumulators. The computer had 
a full wenrcry cycle time of 1.2 micrcseccnds and executed 
arithmetic arc logical instructions in slightly mcre than 
cneé cycle, 1.35 microseconds. Major sukassemblies are 
packaged cn a Single printed circuit board. A single etched 
EFack panel, with an integral fpower suprfly, makes all 
interboard ccnnéections. Plug-in connectors are provided for 
ccmmcnly specified peripherals. The Model 1210 ccntained 
cneé central frecessor board, cne memory beard, and space for 
additicnal memory FEroards and Iy0O subassently boards. The 
Mcdéel 1210 wes rack mountable or table top mountarle with 


four sukasseakly slots. 
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In general, the Model 1210 was a scaled down version 
@emmecme Model 630 resulting in less capacity for exparsion. 
[22] 


C. SPERRY UNIVAC CORPORATION 


1. ANsUYK-2C(V) Specifications 


The ANyUYK-20(V) manufactured Ly Sperry Univac was a 
"Bilitarized", general purpose 16 bit digital computer. It 
Meempoysically and functionally godular in ccnstructior and 
expandarle in nature. The system contained integral blcwers 
SmmeeowclL Surrily, secuntable on a 19 inch rack with flug in 
Seeions. Tke entire systen would Eacecmscnroughs da 22 ine¢eh 


crening. 


Tke central PLOCESSOL was a mMicroprogramned 
Semencllcecr using two's complement arithmetic, 8 or 16 cr 32 
Bit operands and 16 bit general purpose registers. The 
central precessor used either 16 or 32 bit instructicns, had 
direct addressing to 65K words and indexed via general 
registers. MWThe central processcr contained a power fault 


Swebainc autcmatic restart. 


Main storage was expandable from 8K tc 65K werés in 
8K incremerts. The read/restcre cycle time was 750 


nancseconds. 


Tke central processor had a MATH FAC opticn which 
macwuded floating eecint, Square root, trigonometric and 
hyperbclic, dcuble precision multiply, and deuble precision 


add capaktilities. 
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Cecling was by circulation of ambient air by 


Mimernal Licwers. 


Three general purpose fully supfrorted software 
packages were available. The "level 1" system functions 
availakle urder cperator control from an cn-line keybcoard 
consisted cf the following majer components: core resident 
routines, likrary subroutines, loader subksystems, utility 
sukEsystems, system tape generators, and a Easic assembler. 
The System crerated with a miminum of 16K werds of memcry, a 
key board, ard a fapertape reader/punch. The "evel 2" 
system was a cre comprehensive support system than level 1. 
The majcr ccrsiderations in "level 2" was a CMS-2M cogpiler 
which reguired a minimum of four magnetic tape units for 
C¥S-2M conpilaticns. The third level was a standard real 


time executive for real time systems. [10,2€] 


Tke individual specifications cn éach system are 


listed in Aprendix A. 
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